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SEMICONDUCTOR ELEMENT, 
SEMICONDUCTOR DEVICE, AND METHOD FOR 

FABRICATION THEREOF 

[0001] This nonprovisional application claims priority 
under 35 U.S.C. § 119(a) on Patent Application No. 2004 
172326 ?led in Japan on Jun. 10, 2004, the entire contents 
of Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
element such as a nitride semiconductor laser element, to a 
semiconductor device incorporating such a semiconductor 
element, and to a method for fabricating them. 

[0004] 2. Description of Related Art 

[0005] In many conventional semiconductor elements, a 
top portion of a semiconductor groWth layer is formed into 
a ridge-like shape by etching or the like and is sandWiched 
betWeen different patches of an insulating ?lm for current 
constriction. This structure is generally called a ridge-like 
structure. A semiconductor element having such a ridge-like 
structure can be mounted on a mount member such as a 

submount, for example, With the substrate side of the 
semiconductor element up and thus With the opposite side 
thereof, on Which the semiconductor groWth layer is epi 
taxially groWn, doWn. This mounting method is called 
junction-doWn mounting. In the fabrication of a semicon 
ductor device, When a semiconductor element is mounted by 
such junction-doWn mounting, the ridge portion of the 
semiconductor element, since it is elevated, may be dam 
aged When exposed to pressure. 

[0006] As one solution to this inconvenience, there has 
conventionally been proposed a semiconductor device that 
has dummy-ridge regions formed at either side of a ridge 
portion (see Japanese Patent Application Laid-open No. 
2000-164986). NoW, this semiconductor device Will be 
described With reference to a draWing. FIG. 15 is a sectional 
vieW of a semiconductor element having dummy-ridge 
regions formed thereon, shoWn together With a mount mem 
ber, composed of a submount, a stem, or the like, on Which 
the semiconductor element is mounted. 

[0007] The semiconductor element 10 shoWn in FIG. 15 
has a semiconductor groWth layer 2 laid on the surface of a 
substrate 1. The semiconductor element 10 has a ridge-like 
portion 8 formed thereon by etching or the like, and also has 
dummy-ridge regions 9 formed thereon on either side of the 
ridge-like portion 8 in such a Way that the thickness of the 
semiconductor groWth layer 2 as measured from the surface 
of the substrate 1 is greater in the dummy-ridge regions 9 
than in the ridge-like portion 8. Moreover, a SiO2 ?lm 3 is 
laid for current constriction in such a Way that different 
patches thereof sandWich the ridge-like portion 8, and a 
p-side electrode 4 is formed in such a Way as to cover a 
portion of the surface of the semiconductor groWth layer 2 
around the ridge-like portion 8 as Well as the surface of the 
ridge-like portion 8 itself. 

[0008] In the mounting step, the semiconductor element 
10 is ?xed to a mount member With the substrate 1 side of 
the semiconductor element 10 up and With solder 5 laid in 
betWeen. Here, the mount member is composed of a sub 
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mount 6 and a stem 7. In this Way, the ridge-like portion 8 
is prevented from being pressed and thereby damaged. 
Moreover, good heat dissipation is achieved because the 
submount 6 is made of a high-thermal-conductivity material 
and the semiconductor element 10 is ?xed thereto With the 
semiconductor groWth layer 2, Which generates heat, doWn. 

[0009] The semiconductor device shoWn in FIG. 15 has 
the folloWing inconvenience. In the semiconductor element 
10, as vieWed With the substrate 1 doWn, the surface of the 
dummy-ridge regions 9 needs to be made higher than the 
surface of the ridge-like portion 8. Thus, to form the 
dummy-ridge regions 9, it is necessary to perform a separate 
step for laying the semiconductor groWth layer 2 in the 
dummy-ridge regions 9, or to adjust the thickness of the 
SiO2 ?lm 3. This leads to an increased number of steps being 
required in the process for the fabrication of semiconductor 
elements, making the process more complex and resulting in 
loW yields. 

SUMMARY OF THE INVENTION 

[0010] In vieW of the conventionally encountered incon 
veniences described above, it is an object of the present 
invention to provide a semiconductor element that permits 
easy formation, on either side of a ridge formed as an 
elevated portion, of dummy-ridge portions thicker than the 
ridge portion through the laying of a nitride semiconductor 
groWth layer on a substrate having formed thereon an 
engraved region provided With a depressed portion, to 
provide a semiconductor device incorporating it, and to 
provide a method for fabricating them. 

[0011] To achieve the above object, according to the 
present invention, a method for fabricating a semiconductor 
element includes: a ?rst step of producing a processed 
substrate by forming, on a substrate having a nitride semi 
conductor layer as at least part of the surface thereof, an 
engraved region including at least one depressed portion and 
a ridge portion as a non-engraved region; and a second step 
of laying a nitride semiconductor layered-structure portion 
including at least one type of nitride semiconductor thin ?lm 
both in the engraved region and on the surface of the ridge 
portion. Here, in the second step, a ?rst dummy-ridge 
portion is formed on a region of the ridge portion close to the 
engraved region by making the thickness of the nitride 
semiconductor layered-structure portion laid on the region 
of the ridge portion close to the engraved region as measured 
from the surface of the ridge portion to the surface of the 
nitride semiconductor layered-structure portion greater than 
the thickness of the nitride semiconductor layered-structure 
portion laid on a semiconductor element production region, 
Which is a region of the ridge portion other than the region 
thereof close to the engraved region, as measured from the 
surface of the ridge portion to the surface of the nitride 
semiconductor layered-structure portion. 

[0012] According to the present invention, in the semi 
conductor element fabrication method described above, in 
the second step, When the nitride semiconductor layered 
structure portion is formed, the depressed portion of the 
engraved region is not completely ?lled. 

[0013] According to the present invention, in the semi 
conductor element fabrication method described above, in 
the second step, the nitride semiconductor thin ?lm that 
constitutes the nitride semiconductor layered-structure por 
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tion includes an AlGaN layer Whose Al content ratio is 0.03 
or more and Whose total thickness is 1 pm or more. 

[0014] According to the present invention, in the semi 
conductor element fabrication method described above, in 
the second step, the thickness of the nitride semiconductor 
layered-structure portion laid on the ?rst dummy-ridge por 
tion as measured from the surface of the ridge portion to the 
surface of the nitride semiconductor layered-structure por 
tion is made 200 nm or more thicker than the thickness of the 
nitride semiconductor layered-structure portion laid on the 
semiconductor element production region as measured from 
the surface of the ridge portion to the surface of the nitride 
semiconductor layered-structure portion. 

[0015] According to the present invention, in the semi 
conductor element fabrication method described above, in 
the ?rst step, the engraved region is so formed as to include 
tWo or more depressed portions and a narroW ?at portion 
sandWiched therebetWeen, the narroW ?at portion having a 
Width of 100 pm or less in the direction perpendicular to a 
?rst direction in Which the engraved region eXtends, and, in 
the second step, a second dummy-ridge portion is formed in 
the narroW ?at portion by making the thickness of the nitride 
semiconductor layered-structure portion laid on the narroW 
?at portion as measured from the surface of the narroW ?at 
portion to the surface of the nitride semiconductor layered 
structure portion greater than the thickness of the nitride 
semiconductor layered-structure portion laid on the semi 
conductor element production region as measured from the 
surface of the ridge portion to the surface of the nitride 
semiconductor layered-structure portion. 

[0016] According to the present invention, in the semi 
conductor element fabrication method described above, in 
the ?rst step, the engraved region is so formed as to include 
three depressed portions and tWo narroW ?at portions sand 
Wiched therebetWeen, the narroW ?at portions each having a 
Width of 100 pm or less in the direction perpendicular to a 
?rst direction in Which the engraved region eXtends, and, in 
the second step, tWo second dummy-ridge portions are 
formed in the narroW ?at portions by making the thickness 
of the nitride semiconductor layered-structure portion laid 
on the narroW ?at portions as measured from the surface of 
the narroW ?at portions to the surface of the nitride semi 
conductor layered-structure portion greater than the thick 
ness of the nitride semiconductor layered-structure portion 
laid on the semiconductor element production region as 
measured from the surface of the ridge portion to the surface 
of the nitride semiconductor layered-structure portion. 

[0017] According to the present invention, the semicon 
ductor element fabrication method described above further 
includes: a third step of producing a semiconductor element 
in the semiconductor element production region formed in 
the second step; a fourth step of cleaving the processed 
substrate in the direction perpendicular to the ?rst direction 
to form a bar having a plurality of the semiconductor 
elements mounted thereon; and a ?fth step of performing 
chip separation by splitting the bar in the direction parallel 
to the ?rst direction to separate the semiconductor elements 
on the bar into discrete chips. Here, in the ?fth step, the chip 
separation is performed after forming a scribe line parallel to 
the ?rst direction by performing scribing on the top surface 
of the nitride semiconductor layered-structure portion laid in 

Dec. 15, 2005 

the engraved region or on the bottom surface of the part of 
the processed substrate located right beloW the engraved 
region. 
[0018] According to the present invention, the semicon 
ductor element fabrication method described above further 
includes: a third step of producing a semiconductor element 
in the semiconductor element production region formed in 
the second step; a fourth step of cleaving the processed 
substrate in the direction perpendicular to the ?rst direction 
to form a bar having a plurality of the semiconductor 
elements mounted thereon; and a ?fth step of performing 
chip separation by splitting the bar in the direction parallel 
to the ?rst direction to separate the semiconductor elements 
on the bar into discrete chips. Here, in the ?fth step, the chip 
separation is performed after forming a scribe line parallel to 
the ?rst direction by performing scribing in a middle portion 
on the second dummy-ridge portion or on the bottom surface 
of the part of the processed substrate located right beloW the 
second dummy-ridge portion. 

[0019] According to the present invention, the semicon 
ductor element fabrication method described above further 
includes: a third step of producing a semiconductor element 
in the semiconductor element production region formed in 
the second step; a fourth step of cleaving the processed 
substrate in the direction perpendicular to the ?rst direction 
to form a bar having a plurality of the semiconductor 
elements mounted thereon; and a ?fth step of performing 
chip separation by splitting the bar in a direction parallel to 
the ?rst direction to separate the semiconductor elements on 
the bar into discrete chips. Here, in the ?fth step, the chip 
separation is performed after forming a scribe line parallel to 
the ?rst direction by performing scribing in the nitride 
semiconductor layered-structure portion laid in the 
depressed portion sandWiched betWeen the tWo narroW ?at 
portions in the engraved region or on the bottom surface of 
the part of the processed substrate located right beloW that 
depressed portion. 

[0020] Moreover, according to the present invention, a 
semiconductor element is fabricated by one of the semicon 
ductor element fabrication methods described above. 

[0021] Moreover, according to the present invention, a 
semiconductor device is provided With: the above-described 
semiconductor element according to the present invention; 
and a mount member on Which the semiconductor element 
is mounted. Here the semiconductor element is mounted on 
the mount. member in such a Way that the semiconductor 
element makes contact With the surface of the mount mem 
ber With the nitride semiconductor layered-structure portion 
side of the semiconductor element doWn. 

[0022] Moreover, according to the present invention, a 
method for fabricating a semiconductor element includes: a 
?rst step of producing a processed substrate by forming, on 
a substrate having a nitride semiconductor layer as at least 
part of the surface thereof, an engraved region including at 
least one depressed portion and a ridge portion as a non 
engraved region; and a second step of laying a nitride 
semiconductor layered-structure portion including at least 
one type of nitride semiconductor thin ?lm both in the 
engraved region and on a surface of the ridge portion. Here, 
in the ?rst step, the engraved region is formed in a grid-like 
shape and adjacent ones of the engraved regions are formed 
parallel to and at varying intervals from one another so as to 
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form a plurality of non-engraved regions having varying 
areas, and, in the second step, the thickness, as measured 
from the surface of the ridge portion to the surface of the 
nitride semiconductor layered-structure portion, of the 
nitride semiconductor layered-structure portion laid on the 
non-engraved regions is varied according to the thickness of 
the surface of the ridge portion. 

[0023] Moreover, according to the present invention, a 
semiconductor element is fabricated by the semiconductor 
element fabrication method described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic sectional vieW of part of a 
Wafer having nitride semiconductor laser elements formed 
thereon in a ?rst embodiment of the invention; 

[0025] FIGS. 2a and 2b are a schematic sectional vieW 
and a top vieW, respectively, of part of a processed substrate 
before a nitride semiconductor groWth layer is laid thereon 
in the ?rst embodiment of the invention; 

[0026] FIG. 3 is a schematic sectional vieW of part of a 
processed substrate after a nitride semiconductor groWth 
layer is laid thereon in the ?rst embodiment of the invention; 

[0027] FIG. 4 is a schematic sectional vieW shoWing the 
structure of a nitride semiconductor groWth layer according 
to the invention; 

[0028] FIG. 5 is a diagram shoWing the correlation 
betWeen the Al content ratio in an AlGaN ?lm and the 
thickness difference Z betWeen a dumrny-ridge portion and 
a laser element production region; 

[0029] FIGS. 6a and 6b are diagrams illustrating the 
degree of ?lling of engraved regions by nitride semiconduc 
tor thin ?lms; 

[0030] FIG. 7 is a diagram illustrating the junction-doWn 
mounting of a nitride semiconductor laser element in the 
?rst embodiment of the invention; 

[0031] FIG. 8 is a diagram shoWing the correlation 
betWeen the thickness difference Z betWeen a dummy-ridge 
portion and a laser element production region and yields; 

[0032] FIG. 9 is a schematic sectional vieW of part of a 
Wafer having nitride semiconductor laser elements formed 
thereon in a second embodiment of the invention; 

[0033] FIGS. 10a and 10b are a schematic sectional vieW 
and a top vieW, respectively, of part of a processed substrate 
before a nitride semiconductor groWth layer is laid thereon 
in the second embodiment of the invention; 

[0034] FIG. 11 is a schematic sectional vieW of part of a 
Wafer having nitride semiconductor laser elements formed 
thereon in another eXample of the second embodiment of the 
invention; 

[0035] FIG. 12 is a diagram shoWing the correlation 
betWeen the Width M of a dummy-ridge portion and the 
thickness difference Z betWeen the dummy-ridge portion 
and a laser element production region; 

[0036] FIG. 13 is a top vieW of part of a processed 
substrate in a third embodiment of the invention; 
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[0037] FIG. 14 is an eXterior perspective vieW of a com 
posite semiconductor device in the third embodiment of the 
invention; and 

[0038] FIG. 15 is a diagram illustrating the junction-doWn 
mounting of a semiconductor element as conventionally 
practiced. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0039] Hereinafter, various embodiments of the present 
invention Will be described. Before that, some terms that are 
frequently used in the folloWing descriptions Will be de?ned. 
In the present speci?cation, an “engraved region” denotes, 
for eXample, a groove formed as a depressed portion in the 
shape of a stripe on the surface of a processed substrate 11 
as shoWn in FIGS. 2a and 2b, and a “ridge” denotes a region 
formed as an elevated portion in the shape of a stripe 
elseWhere than in any depressed portion. In FIGS. 2a and 
2b, grooves and ridges are formed in the shape of stripes 
extending in one direction. Alternatively, grooves and ridges 
may be formed in the shape of a grid, With the grooves 
crossing one another and the ridges crossing one another. 
Each engraved region may consist of a single depressed 
portion, or of a combination of a plurality of consecutive 
depressed portions With one or more ?at portions sand 
Wiched therebetWeen. 

[0040] In the present speci?cation, a “nitride semiconduc 
tor substrate” denotes a substrate formed of AlXGayInZN 
(Oéxé 1, 0§y§ 1, 0222 1, and X+y+Z=1). Of the nitrogen 
element contained in the nitride semiconductor substrate, 
about 10% or less may be replaced With the element As, P, 
or Sb (provided that the substrate maintains a hexagonal 
crystal structure). The nitride semiconductor substrate may 
be doped With Si, O, Cl, S, C, Ge, Zn, Cd, Mg, or Be. Among 
these dopants, particularly preferred for an n-type nitride 
semiconductor are Si, O, and Cl. The preferred orientation of 
the principal plane of the nitride semiconductor substrate is 
that of the C plane {0001}, the Aplane {11-20}, the R plane 
{1-102}, the M plane {1-100}, or the {1-101} plane. So long 
as the principal plane of the substrate has an off-angle of 2° 
or less from the orientation of one of the just mentioned 
crystal planes, it is possible to obtain satisfactory surface 
morphology. 

[0041] In the present speci?cation, a “dissimilar substrate” 
denotes a substrate formed of a material other than a nitride 
semiconductor. Used as a dissimilar substrate is, for 
eXample, a sapphire substrate, a SiC substrate, a Si substrate, 
or a GaAs substrate. 

[0042] In the present speci?cation, a “processed substrate” 
denotes a nitride semiconductor substrate, or a substrate that 
has engraved regions formed on the surface of a nitride 
semiconductor substrate or on the surface of nitride semi 
conductor thin ?lms laid on the surface of a dissimilar 
substrate. The engraved regions may be formed at ?Xed 
intervals, or may be formed With varying Widths. The 
engraved regions may be formed With a ?Xed depth, or may 
be formed With varying depths. 

[0043] In the present speci?cation, a “nitride semiconduc 
tor laser element” denotes any of the discrete chips produced 
by laying a nitride semiconductor groWth layer on a pro 
cessed substrate, then forming on top thereof a ridge portion 
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and an electrode layer through various steps, and then 
splitting the product into discrete chips. 

[0044] In the present speci?cation, a “nitride semiconduc 
tor laser device” denotes a product obtained by mounting a 
nitride semiconductor laser element junction-doWn on a 
mount member such as a stem or a submount. 

[0045] In the present speci?cation, a “mount member” 
denotes a stem, or a submount mounted on a stem, on Which 
a nitride semiconductor laser element is mounted. Thus, in 
the present speci?cation, “mounting a nitride semiconductor 
laser element junction-doWn on a mount member” means 
either “mounting a nitride semiconductor laser element 
junction-doWn directly on a stem” or “mounting a nitride 
semiconductor laser element junction-doWn on a submount 
mounted on a stem”. 

FIRST EMBODIMENT 

[0046] A ?rst embodiment of the invention Will be 
described beloW With reference to the relevant draWings. 
This embodiment deals With a nitride semiconductor laser 
element as an example of a semiconductor element. FIG. 1 
is a schematic sectional vieW of the nitride semiconductor 
laser element of this embodiment. FIG. 2a is a schematic 
sectional vieW of a processed substrate 11 before a nitride 
semiconductor groWth layer 12 as shoWn in FIG. 4 is laid 
thereon, and FIG. 2b is a top vieW of FIG. 2a. In each of 
these diagrams, the plane orientations are shoWn together. 
FIG. 3 is a schematic sectional vieW of a Wafer having the 
nitride semiconductor groWth layer 12 laid on the processed 
substrate 11 shoWn in FIGS. 2a and 2b. 

[0047] In connection With this nitride semiconductor laser 
element, ?rst, hoW the processed substrate 11 is produced 
Will be described With reference to the draWings. In this 
embodiment, an n-type GaN substrate is used as the material 
of the processed substrate 11. To produce the processed 
substrate 11 shoWn in FIG. 2, ?rst, on the top surface of the 
n-type GaN substrate is vapor-deposited SiO2, SiNX, or the 
like. In this embodiment, a SiO2 ?lm is formed on the 
surface of the n-type GaN substrate by vapor-depositing 
SiO2; instead, a ?lm of any other dielectric material may be 
formed on the surface of the n-type GaN substrate. Vapor 
deposition is achieved by electron beam deposition, sput 
tering deposition, or the like. The SiO2 ?lm or the like does 
not necessarily have to be formed by vapor deposition, but 
may be formed by plasma CVD or the like. Next, a resist 
material is applied to this SiO2 ?lm, and then, by ordinary 
lithography, a resist pattern having openings in the shape of 
stripes is formed in the [1-100] direction. Next, by RIE 
(reactive ion etching) using ICP (inductively coupled 
plasma) or the like, the SiO2 ?lm is etched doWn halfWay 
into the n-type GaN substrate. Subsequently, the resist 
remaining on the n-type GaN substrate is removed, and then, 
by using as a hard mask the SiO2 ?lm that has been left 
unetched, the n-type GaN substrate is etched to form 
engraved regions 16 as depressed portions. Thereafter, by 
using an etchant such as HF (hydro?uoric acid), the SiO2 
?lm is removed. In this Way is produced the processed 
substrate 11 having the engraved regions 16 formed to 
extend in the [1-100] direction as shoWn in FIG. 2. In this 
embodiment, RIE is used to etch the n-type GaN substrate 
and form the engraved regions 16; instead, Wet etching or 
the like may be used. 
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[0048] In the above description, the processed substrate 11 
is formed by digging the engraved regions 16 directly on the 
surface of the n-type GaN substrate. Alternatively, the 
processed substrate 11 may be formed by ?rst groWing 
nitride semiconductor thin ?lms such as GaN, InGaN, 
AlGaN, and InAlGaN on the surface of the n-type GaN 
substrate and then digging the engraved regions 16. Alter 
natively, the processed substrate 11 may be formed by ?rst 
groWing nitride semiconductor thin ?lms on the surface of a 
dissimilar substrate and then digging the engraved regions 
16. 

[0049] The engraved regions 16 formed as described 
above are formed on the top surface of the processed 
substrate 11 so as to run parallel to the [1-100] direction. The 
openings of the engraved regions 16 are each 5 pm Wide and 
5 pm deep. The interval betWeen adjacent engraved regions 
16 as measured in the direction parallel to the [11-20] 
direction, i.e., the period of the engraved regions 16, is 400 
pm. 

[0050] On the processed substrate 11 produced through the 
steps described above, a nitride semiconductor groWth layer 
12 as shoWn in FIG. 4 is epitaxially groWn by appropriately 
using Well-knoWn techniques such as MOCVD (metallor 
ganic chemical vapor deposition). In this Way is produced 
the nitride semiconductor laser element shoWn in FIG. 1. 
Since the nitride semiconductor groWth layer 12 is formed 
by appropriately using Well-knoWn techniques, no detailed 
explanations Will be given in this respect. 

[0051] As shoWn in FIG. 4, the nitride semiconductor 
groWth layer 12 is formed by laying on the surface of the 
processed substrate 11 the folloWing layers in the order 
named: a 2.0 pm thick n-type GaN layer 40; a 1.5 pm thick 
n-type AlO_062Ga0_938N ?rst clad layer 41; a 0.2 pm thick 
n-type AlO_1Ga0_9N second clad layer 42; a 0.1 pm n-type 
AlO_062Ga0_938N third clad layer 43; a 0.1 pm thick n-type 
GaN guide layer 44; a multiple quantum Well active layer 45 
composed of three 4 nm thick InGaN Well layers and four 8 
nm thick GaN barrier layers; a 20 nm thick p-type 
AlO_3Ga0_7N evaporation prevention layer 46; a 0.08 pm 
thick p-type GaN guide layer 47; a 0.5 pm thick p-type 
AlO_062Ga0_938N clad layer 48; and a 0.1 pm thick p-type 
GaN contact layer 49. The multiple quantum Well active 
layer 45 is formed by laying its constituent layers in the 
folloWing order: a barrier layer, a Well layer, barrier layer, a 
Well layer, barrier layer, a Well layer, and a barrier layer. 

[0052] The nitride semiconductor groWth layer 12 struc 
tured as described above is epitaxially groWn on the previ 
ously described processed substrate 11 to produce the nitride 
semiconductor laser element shoWn in FIG. 1. 

[0053] The nitride semiconductor laser element shoWn in 
FIG. 1 thus has the nitride semiconductor groWth layer 12, 
having a layered structure consisting of a plurality of nitride 
semiconductor thin ?lms as shoWn in FIG. 4, formed on the 
processed substrate 11 produced as described above so as to 
have the engraved regions 16. Moreover, on the surface of 
the nitride semiconductor groWth layer are formed, by dry 
etching or the like, ridge stripes 14 serving as laser light 
Waveguides and a SiO2 ?lm 15 for current constriction in 
such a Way that the ridge stripes 14 are sandWiched betWeen 
different patches of the SiO2 ?lm 15. Then, on the surface of 
the ridge stripes 14 and of the SiO2 ?lm 15, p-side electrodes 
17 are formed, and, on the bottom surface of the processed 
















